INTRODUCTION
Lasalocid is a polyether antibiotic ionophore derived from strains of Streptomyces lasaliensis. Lasalocid can translocate monovalent and divalent cations across bacterial cell membranes (Bergen and Bates, 1984) , resulting in a modified rumen environment through death or impaired growth of primarily Gram-positive rumen bacteria. These changes should improve energy and protein metabolism, health, and production of cattle. Proposed modes of action and net effects of ionophores include altered bacterial populations, increased propionate concentration and molar percentage (M%), decreased methane production and acetate and butyrate concentrations and M%, protein-sparing effects, A meta-analysis of lasalocid effects on rumen measures, beef and dairy performance, and carcass traits in cattle 1 H. M. Golder 2 and I. J. Lean Scibus, Camden, NSW, 2570, Australia ABSTRACT: The effects of lasalocid on rumen measures, beef and dairy performance, and carcass traits were evaluated using meta-analysis. Meta-regression was used to investigate sources of heterogeneity. Ten studies (20 comparisons) were used in the meta-analysis on rumen measures. Lasalocid increased total VFA and ammonia concentrations by 6.46 and 1.44 mM, respectively. Lasalocid increased propionate and decreased acetate and butyrate molar percentage (M%) by 4.62, 3.18, and 0.83%, respectively. Valerate M% and pH were not affected. Meta-regression found butyrate M% linearly increased with duration of lasalocid supplementation (DUR; P = 0.017). When >200 mg/d was fed, propionate and valerate M% were higher and acetate M% was lower (P = 0.042, P = 0.017, and P = 0.005, respectively). Beef performance was assessed using 31 studies (67 comparisons). Lasalocid increased ADG by 40 g/d, improved feed-to-gain ratio (F:G) by 410 g/kg, and improved feed efficiency (FE; combined measure of G:F and the inverse of F:G). Lasalocid did not affect DMI, but heterogeneity in DMI was influenced by DUR (P = 0.004) and the linear effect of entry BW (P = 0.011). The combination of ≤100 vs. >100 d DUR and entry BW ≤275 vs. >275 kg showed that cattle ≤275 kg at entry fed lasalocid for >100 d had the lowest DMI. Heterogeneity of ADG was influenced by the linear effect of entry BW (P = 0.028) but not DUR. Combining entry BW ≤275 vs. >275 kg and DUR showed that cattle entering at >275 kg fed ≤100 d had the highest ADG. The FE (P = 0.025) and F:G (P = 0.015) linearly improved with dose, and entry BW >275 kg improved F:G (P = 0.038). Fourteen studies (25 comparisons) were used to assess carcass traits. Lasalocid increased HCW by 4.73 kg but not dressing percentage, mean fat cover, or marbling score. Heterogeneity of carcass traits was low and not affected by DUR or dose. Seven studies (11 comparisons) were used to assess dairy performance but the study power was relatively low and the evidence base is limited. Lasalocid decreased DMI in total mixed ration-fed cows by 0.89 kg/d but had no effect on milk yield, milk components, or component yields. Dose linearly decreased DMI (P = 0.049). The DUR did not affect heterogeneity of dairy measures. This work showed that lasalocid improved ADG, HCW, FE, and F:G for beef production. These findings may reflect improved energy efficiency from increased propionate M% and decreased acetate and butyrate M%. Large dairy studies are required for further evaluation of effects of lasalocid on dairy performance.
increased DM digestibility, and changes in DMI, rumen fill, and rate of passage (Richardson et al., 1976; Hanson and Klopfenstein, 1979; Schelling, 1984) .
Lasalocid improved production in some beef studies (Andersen and Horn, 1987; Spears and Harvey, 1987; Barreras et al., 2013) , but effects were inconsistent on ADG, DMI, feed-to-gain ratio (F:G), G:F, and carcass traits. There are relatively few studies on lasalocid in dairy cattle and effects on DMI, milk yield, and milk components are varied (Johnson et al., 1988; Erasmus et al., 1999; McDougall et al., 2004) . Similarly, rumen fermentation data are variable (Andersen and Horn, 1987; Jacques et al., 1987) .
Meta-analysis is a powerful analytic method that integrates results from many studies to provide a more robust estimate of the effects of an invention (Duffield et al., 2012b; Lean et al., 2014) . It allows examination of heterogeneity or variability of responses to better target knowledge gaps, provide more effective interventions, and resolve hypotheses about the action of an intervention.
The objective of this study was to evaluate the effects of lasalocid feeding on rumen measures, beef and dairy performance, and carcass traits in cattle using meta-analytic methods to describe its impact and explain heterogeneity of responses among studies.
MATERIALS AND METHODS

Literature Search
Literature searches were performed in PubMed (http://www.ncbi.nlm.nih.gov/pubmed; accessed Jan. 15, 2015) , Google Scholar (http://scholar.google.com/; accessed Jan. 15, 2015) , and ISI Web of Knowledge (http://wokinfo.com/; accessed Jan. 15, 2015) using the following search: (Lasalocid OR Bovatec) AND (cattle OR cows OR feedlot OR calves OR dairy OR beef). In the initial phase, a review of lasalocid for the dairy farmer by C. Peel (OzBioPharm Pty. Ltd., Knoxfield, VIC, Australia) was used to identify studies but did not yield additional studies after the study search was completed.
Inclusion and Exclusion Criteria
Studies were included or excluded in these metaanalyses based on a series of criteria developed by Scibus (Camden, NSW, Australia), which are discussed in a review of the use of meta-analysis in animal and veterinary science (Lean et al., 2009 ). The extracted data were audited by 2 reviewers in January 2015. Studies were included in the analysis if they met the following criteria: they resulted in full manuscripts from peerreviewed English-language journals, they evaluated the use of lasalocid supplementation against a control, they described a randomization process, they had only a randomized controlled trial design, animals studied in them were weaned cattle, they included replication of treatments, they included sufficient data to determine the effect size (ES), they included a measure of effect amendable to ES analysis for continuous data (e.g., standardized mean difference [SMD]), and they included a measure of variance (SE or SD) for each effect estimate or treatment and control comparisons (in the absence of an SE or SD, the P-value was used). Studies with Latin square designs were initially included in the selection criteria but were removed as "type of study design" was a significant meta-regression for total VFA concentration and M% of butyrate in a preliminary analysis.
Experimental details included type of study design, number of animals per group, type of cattle, type of diet (e.g., total mixed ration [TMR]), feeding system (e.g., pen or individual), number of days of lasalocid supplementation (duration), and dosage of lasalocid fed (mg/d). Studies were rejected that could not be adequately interpreted in regard to the above criteria.
A minimum of 6 comparisons was set as the threshold for evaluation of an output variable. When more than one value was given for an output variable (i.e., ADG at different stages of a study), the overall value was used. If an overall value was not presented, the final value was used. Output variables extracted for the meta-analysis on rumen measures included total VFA concentration; M% of acetate, propionate, butyrate, and valerate; ammonia concentration; and pH. Output variables extracted for the meta-analysis on beef performance included ADG, DMI, F:G, and G:F. One of the strengths of using meta-analytical techniques is the ability to combine ES obtained from different scales and/or units (Stangl and Berry, 2000) . The F:G or G:F measures, which are the inverse of each other, of feed efficiency (FE) in this data set were obtained from the original studies. The variable termed FE was produced by pooling the ES data from G:F and the inverse of F:G to obtain an overall estimate of ES or SMD, which is more robust as it contained more studies than one based on F:G or G:F alone. However, a meaningful weighted mean difference (WMD) cannot be obtained for FE as this metric is a z-score rather than in units of kilograms of weight gain/kilogram DM consumed or kilograms DM consumed/ kilogram of weight gain. Variables that are calculated from other metrics cannot be used in an ES analysis; hence, F:G could not be converted to G:F or vice versa.
Output variables extracted for the meta-analysis on carcass traits included HCW, dressing percentage, average fat cover, and marbling score. Output variables extracted for the meta-analysis on dairy performance included milk yield, milk fat percentage, milk protein percentage, milk fat yield, milk protein yield, and DMI.
Statistical Analysis
Stata version 11 (StataCorp LP, College Station, TX) was used to analyze output variables on rumen, beef and dairy performance, and carcass traits by SMD, which is also called ES analysis. Only random effects models were used, as previous work concluded that when there was uncertainty in the evaluative units caused by clustering of observations, the random effects model was appropriate (White and Thomas, 2005) .
The difference between lasalocid treatment and control groups means was standardized using the SD of control and lasalocid treatment groups. The SMD estimates (ES and 95% confidence interval [CI]) were pooled using both the DerSimonian and Laird (DerSimonian and Laird, 1986 ) and Knapp-Sidik-Jonkman (KnappHartung; IntHout et al., 2014 ) methods for random effects models to evaluate the effect of study. Effect size and 95% CI are reported for both methods for comparison. The use of the Knapp-Hartung method for metaanalysis is more robust than alternative methods such as the DerSimonian and Laird method for discrete data, especially where heterogeneity is present (IntHout et al., 2014) . As described by IntHout et al. (2014) , the DerSimonian and Laird method uses the normal distribution to derive P-values and CI, whereas the KnappHartung method uses the t-distribution with k -1 df, in which k is the number of studies in the meta-analysis. If the paper reported separate estimates of measure of variance (SE or SD) for each group, these were recorded as such. Many studies reported a common SE or SD and these estimates were used for both control and treatment groups. When SE was reported in the absence of SD, SE values were converted to SD. If only a P-value was reported, SE and then SD were calculated from the P-value using the number of cattle in each group (Higgins and Green, 2011) . For studies that reported only a nonsignificant effect, a P-value of 0.5 was used as a conservative estimate based on a modification of Higgins and Green (2011) . Also provided is a raw mean difference and a random effects WMD between lasalocid treated cattle and control cattle, with the weighting reflecting the inverse of the variance of the studies included according to the No Standard method in STATA (StatCorp LP). The statistical methods of meta-analytic procedures that were used in this paper have been previously published (Lean et al., 2009) .
Efforts were made to clearly identify the units of interest used in the studies and to clarify the measures of dispersion reported in papers. If there was a lack of clarity in regards to the unit of measure, a more conservative measure was used, that is, pen (Tempelman, 2009) ; because pen is a smaller number than animal, this drives the hypothesis toward the null. We have previously examined the effect of study design and statistical reporting in regard to the unit of study and determined that the SE reported in studies using pens were suitable for calculation of SD (Lean et al., 2014) .
Forest Plots. The effects of lasalocid on rumen measures, beef and dairy performance, and carcass traits were displayed in forest plots, using the estimated SMD of lasalocid using random effects models (DerSimonian and Laird, 1986; IntHout et al., 2014) . Points to the left of the vertical line represent a reduction in the outcome, and points to the right of the line indicate an increase in the outcome variable. Each square represents the mean ES for that study. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the ES. Forest plots are presented only for selected output variables but were used for interpretation of each output variable.
The weighting of a study is estimated by the inverse of the variance of the ES (Lean et al., 2009) . Box sizes are proportional to the inverse variance of the estimates. The size of the square box reflects the relative weighting of the study to the overall ES estimate with larger squares representing greater weight. Boxes draw attention to the studies with the greatest weight. The vertical line represents the mean difference of 0 or no effect.
Assessment of Heterogeneity. Variations among the study level SMD were assessed using a χ 2 (Q) test of heterogeneity (Egger and Smith, 2001) . Heterogeneity in studies reflects underlying differences in clinical diversity of the herds, differences in study design and analytical methods, and statistical variation around responses (Lean et al., 2009) . Identifying the presence and sources of the heterogeneity improves understanding of the responses to lasalocid. We used an α level of 0.10 because of the relatively poor power of the χ 2 test to detect heterogeneity among small numbers of trials (Egger and Smith, 2001) . Heterogeneity of results among the trials was quantified using the I 2 statistic (Higgins and Thompson, 2002) , which quantifies the impact of heterogeneity on a meta-analysis, from mathematical criteria, that are independent of the number of studies and the treatment effect metric. The I 2 statistic is a transformation of the square root of the χ 2 heterogeneity statistic divided by its degrees of freedom and describes the proportion of total variation in study estimates that is due to heterogeneity (Higgins et al., 2003) . Negative values of I 2 were assigned a value of 0; consequently, the value I 2 lies between 0 and 100% (Higgins et al., 2003) . An I 2 value between 0 and 40% might not be important, 30 to 60% may represent moderate heterogeneity, 50 to 90% might represent substantial heterogeneity, and 75 to 100% might represent considerable heterogeneity (Higgins and Green, 2011) . A Tau 2 value was also produced, which is an estimate of the between-study variance in a random effects metaanalysis (Higgins and Green, 2011) . The square root of this number (i.e., Tau) is the estimated SD of underlying effects across studies (Higgins and Green, 2011) .
Meta-Regression. Meta-regression analyses were used to explore the source of heterogeneity of response, using the individual SMD for each study comparison as the outcome and the associated SE as the measure of variance. Meta-regression can be used to explore sources of heterogeneity even if an initial overall test for heterogeneity is nonsignificant (Higgins and Thompson, 2002) . This also allows us to quantify the magnitude as a function of the a priori defined covariate changing and exploring reasons for heterogeneity (i.e., possible/probable study-level predictors). Metaregression is also a technique that can formally test whether there is evidence of different effects in different subgroups of studies (Knapp and Hartung, 2003) .
The variables and subgroups used for meta-regression differed between the 4 meta-analyses in this paper because not all variables were applicable or there was not enough variation within the variables to warrant a metaregression. For the data set on rumen measures, dose (linear effect and ≤200 or >200 mg/d), duration of lasalocid supplementation (DUR; linear effect and ≤20 or >20 d), type of diet, and feeding system were used as meta-regression variables. The DUR (linear effect and ≤100 or >100 d), entry BW (≤275 or >275 kg), type of diet, dose (linear effect and ≤200 or >200 mg/d), and feeding system were tested as meta-regression variables for the beef performance data set. The DUR (≤100 or >100 d) and entry BW (≤275 or >275 kg) were used in combination in a subgroup analysis in forest plots of ADG and DMI for beef performance data to explore their possible interaction. The DUR (linear effect and ≤100 or >100 d) and dose (linear effect and ≤250 or >250 mg/d) were tested as meta-regression variables for the carcass traits data set. The DUR (linear effect and ≤100 or >100 d) and dose (linear effect and ≤300 or >300 mg/d) were tested as meta-regression variables for the dairy performance data set. Variables were considered to be a source of heterogeneity if they produced a P-value < 0.05.
Publication Bias. The presence of publication bias was investigated using contour-enhanced funnel plots, which are a simple scatter plot of the intervention effect estimates from individual studies (horizontal axis) plotted against study precision (vertical axis; Light and Pillemer, 1984; Sterne and Harbord, 2004) . Standard error is used as the measure of study size (Sterne and Harbord, 2004) . The name "funnel plot" arises because precision of the estimated intervention effect increases as the size and precision of a study increases (Sterne and Harbord, 2004) . Effect estimates from small studies will scatter more widely at the bottom of the graph and the spread narrows for larger studies (Sterne and Harbord, 2004) . In the absence of bias, the plot should approximately resemble a symmetrical (inverted) funnel. If there is bias, for example, because smaller studies without statistically significant effects remain unpublished, this will lead to an asymmetrical appearance of the funnel plot and a gap will be evident in a bottom corner of the graph. In this situation, the effect calculated in a metaanalysis will tend to overestimate the intervention effect (Sterne and Harbord, 2004) . The more pronounced , and 99% confidence intervals for studies. Effect estimates from small studies will scatter more widely at the bottom of the graph, and the spread narrows for larger studies (Sterne and Harbord, 2004) . In the absence of heterogenity or bias, the plot should approximately resemble a symmetrical (inverted) funnel with studies lying within these lines. If there is bias, for example, because smaller studies without statistically significant effects remain unpublished, this will lead to an asymmetrical appearance of the funnel plot and a gap will be evident in a bottom corner of the graph. 6.9, 6.9
Andersen and Horn (1987) the asymmetry, the more likely it is that the bias will be substantial. Individual studies with large or aberrant results were identified from the forest and funnel plots and evaluated for factors that may have influenced the results.
RESULTS
Studies Identified and Information Extracted
A total of 154, 200, and 510 studies on lasalocid in cattle were identified from PubMed, Google Scholar, and ISI Web of Knowledge literature searches, respectively, totaling 864 studies. No studies were identified from additional sources. There were 287 duplicates removed and a further 352 studies excluded based on relevance of title and type of articles (i.e., abstracts, theses, and research reports were excluded). Full-text articles that were excluded based on the inclusion criteria totaled 167. A total of 58 studies met the selection criteria for one or more of the meta-analyses conducted and were used in a preliminary analysis, which included the use of studies with a Latin square design. After revision of the selection criteria to include studies that were randomized controlled trials, 41 studies met the selection criteria for one or more of the meta-analyses conducted. Some studies contained a summary of a single comparison between control and lasalocid, whereas other studies reported multiple comparisons with a single control such as different doses of lasalocid. Each variable was not always reported in each study. Supplementary Table S1 (see the online version of the article at http://journalofanimalscience.org) provides a summary of studies that were excluded after preliminary analysis. There was an insufficient number of studies to investigate measures associated with ketosis, liver abscessation, and coccidiosis.
Publication Bias
Funnel plots were produced for all measures, but the majority are not presented. These plots did not show any marked asymmetry with the possible exception of acetate (Fig. 1A) . It is possible that small size studies reporting an increase in acetate M% when lasalocid is fed, compared with controls, are missing (Fig. 1A) . Alternatively, no small studies may have been conducted that gave an increase in acetate M% when lasalocid was fed as ionophores are anticipated to reduce acetate M%. Given the lack of evidence of missing studies in other variables derived from many of the same studies and consistency with the known mode of action of ionophores, we conclude that there is little or no evidence of publication bias. The funnel plot for ammonia concentration contains only 8 small size comparisons from 3 studies, as ammonia concentration was not frequently 4 I 2 is a measure of variation beyond chance among studies included in the meta-analysis.
5 Tau 2 is an estimate of between-study variance.
6 Variables used for meta-regression included dose of lasalocid (linear effect and ≤200 or >200 mg/d), duration of lasalocid supplementation (DUR; linear effect or ≤20 or >20 d), type of diet, and feeding system. Significance was defined as P < 0.05.
7 NS = not significant.
reported (Fig. 1B) . Therefore, interpretation of ammonia results should be made with caution.
Tau 2
Between-study variance as indicated by Tau 2 followed a pattern similar to I 2 values for output variables in all 4 meta-analyses. Milk protein yield was the only variable that showed substantial heterogeneity based on Tau 2 with a value > 1.
Rumen Measures
A total of 10 studies (20 comparisons) with a mean lasalocid dose of 240 ± 126 mg/d and 70 ± 44 d of lasalocid feeding were included in this meta-analysis; their data and information are summarized in Table 1 . The cattle in this data set were primarily beef breeds (Table 1 ). In comparison with the meta-analyses of beef and dairy performance and carcass traits, cattle that contributed data to the meta-analysis on rumen measures were fed lasalocid for the shortest duration (Table 1) . The meta-analysis findings for each rumen measure are summarized in Table 2 and forest plots of total VFA concentration, propionate M%, and ammonia concentration are displayed in Fig. 2, 3 , and 4, respectively. Lasalocid increased the concentration of total VFA and ammonia by a WMD of 6.46 mM (95% CI 0.42 to 12.49) and a WMD of 1.44 mM (95% CI 0.37 to 2.51), respectively, compared with controls (Table 2) . Lasalocid increased the M% of propionate by a WMD of 4.62% (95% CI 2.31 to 6.94) and decreased the M% of acetate and butyrate by a WMD of -3.18% (95% CI -4.95 to -1.42) and a WMD of -0.83% (95% CI -1.67 to 0.01), respectively, compared with controls ( Table 2 ). The M% of valerate and pH were not affected by lasalocid treatment (Table 2) .
Heterogeneity was moderate to substantial for the majority of rumen measures, with the exception of ammonia concentration and M% of valerate, which had heterogeneities of 0 and 28%, respectively (Table 2) . Propionate M% had the highest heterogeneity, 74.1% (Table 2 ). Type of diet and feeding system did not contribute to the heterogeneity for any of the rumen measures (Table 2) . Meta-regressions of DUR contributed to a portion of the heterogeneity of the M% of butyrate (Table 2 ) with a linear increase with duration and Figure 2 . Forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence interval (CI) of the effect of lasalocid on ruminal total VFA concentration in cattle (primarily beef cattle). The solid vertical line represents a mean difference of 0 or no effect. Points to the left of the line represent a decrease in total VFA concentration, and points to the right of the line indicate an increase. Each square around the point effect represents the mean effect size for that study and reflects the relative weighting of the study to the overall effect size estimate. The larger the box, the greater the study contribution to the overall estimate. The weight that each study contributed is in the right-hand column. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986) and Knapp-Sidak-Jonkman (Knapp-Hartung; IntHout et al., 2014) methods for random effects models are indicated by the respective diamonds at the bottom. The I 2 is a measure of variation beyond chance among studies included in the meta-analysis. Ruminal total VFA concentration was moderately heterogeneous as indicated by the I 2 of 48.7%. Figure 3 . Forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence interval (CI) of the effect of lasalocid on molar portion of ruminal propionate in cattle (primarily beef cattle). The solid vertical line represents a mean difference of 0 or no effect. Points to the left of the line represent a decrease in molar proportion of propionate, and points to the right of the line indicate an increase. Each square around the point effect represents the mean effect size for that study and reflects the relative weighting of the study to the overall effect size estimate. The larger the box, the greater the study contribution to the overall estimate. The weight that each study contributed is in the right-hand column. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986) and Knapp-Sidak-Jonkman (Knapp-Hartung; IntHout et al., 2014 ) methods for random effects models are indicated by the respective diamonds at the bottom. The I 2 is a measure of variation beyond chance among studies included in the meta-analysis. Molar portion of ruminal propionate was considerably heterogeneous as indicated by the I 2 of 74.1%.
an increase in M% in cattle fed lasalocid for >20 d (data not shown). The linear effect of dose of lasalocid supplementation influenced heterogeneity of propionate, valerate, and acetate M% (Table 2) with increases in M% of propionate (Fig. 5A ) and valerate (data not shown) and a linear decrease in M% of acetate (data not shown). It should be noted that there was an uneven number of studies in the meta-regression subgroups for some variables and, overall, the number of studies was small and study power was low, with data from only 305 cattle, compared with >1,200 cattle for the other meta-analyses. The studies by Nocerini et al. (1985) and Reffett-Stabel et al. (1989) had large CI and greater point effects compared with the other studies for total VFA concentration (Fig. 2) , M% of acetate (data not shown), propionate (Fig. 3) , and butyrate (data not shown); however, their ES were relatively small.
Beef Production Measures
A total of 31 studies (67 comparisons) with a mean lasalocid dose of 232 ± 108 mg/d for 126 ± 105 d were included in this meta-analysis; their data and information are summarized in Table 3 . The meta-analysis findings for ADG, DMI, FE, F:G, and G:F are summarized in Table 4 . Lasalocid increased ADG by a WMD of 40 g/d (95% CI 20 to 60), improved F:G by a WMD of 410 g/g daily (95% CI 550 to 270), and improved FE compared with controls (Table 4) . Lasalocid had no effect on DMI or G:F (Table 4) . Forest plots for ADG, DMI, and FE are provided in Fig. 6, 7 , and 8.
Heterogeneity was 40.8, 53.8, 49.8, 27 .5, and 60.9% for ADG, DMI FE, F:G, and F:G, respectively (Table 4) . Meta-regression did not identify any variables that influenced the heterogeneity of G:F, and type of diet, dose, and feeding system did not contribute to the heterogeneity of any measures (Table 4) .
Meta-regression identified that significant heterogeneity of ADG was attributable to the linear effect of entry BW (Table 4) , with a linear increase in ADG with entry BW (Fig. 5B) . The DUR did not contribute significantly to the heterogeneity of ADG; however, when investigated in combination with entry BW (≤275 vs. >275 kg), cattle with an entry BW of >275 kg that were fed for a maximum of 100 d had the highest ADG (SMD = 0.38 kg/d [95% CI 0.22 to 0.54]; Fig. 6 ). Cattle with an entry weight of >275 kg that were fed lasalocid for >100 d had the second greatest increase in ADG (SMD = 0.19 kg/d [95% CI -0.01 to 0.39]), compared with cattle with an entry BW of ≤275 kg, regardless of the number of days of lasalocid feeding (Fig. 6) .
Heterogeneity in DMI was attributable to ≤100 vs. >100 d DUR, linear effect of entry BW, and ≤275 vs. >275 kg entry BW (Table 4) , with lower intakes occurring in cattle fed lasalocid for >100 d (data not shown), a linear increase in DMI with entry BW (Fig. 5C) , and increased DMI in cattle with entry BW of >275 kg (data not shown). There was no linear effect of DUR on DMI (Table 4) . When ≤100 vs. >100 d DUR and ≤275 vs. >275 kg entry BW were investigated in combination, cattle with light entry BW (≤275 kg) fed lasalocid for >100 d had the lowest DMI; however, heavy entry BW cattle (>275 kg) fed for ≤100 d had numerically, although not significantly increased, DMI (Fig. 7) .
Meta-regression indicated that the linear effect of dose rate contributed to the heterogeneity of FE (Table 4) , with FE linearly increasing (improving) with dose rate (Fig. 5D) . Dose rate categories of ≤200 vs. >200 mg/d did not contribute to heterogeneity (data not shown). Heterogeneity of F:G was influenced by entry BW and the linear effect of dose rate (Table 4) , with improvements in cattle entering with >275 kg weights, compared with those entering at ≤275 kg weights (data not shown), and a linear improvement with lasalocid dose (Fig. 5E ).
Carcass Traits
A total of 14 studies (25 comparisons) with a mean lasalocid dose of 273 ± 89 mg/d for 123 ± 81 d were Figure 4 . Forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence interval (CI) of the effect of lasalocid on ruminal ammonia concentration in cattle (primarily beef cattle). The solid vertical line represents a mean difference of 0 or no effect. Points to the left of the line represent a decrease in ruminal ammonia concentration, and points to the right of the line indicate an increase. Each square around the point effect represents the mean effect size for that study and reflects the relative weighting of the study to the overall effect size estimate. The larger the box, the greater the study contribution to the overall estimate. The weight that each study contributed is in the righthand column. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986) and Knapp-Sidak-Jonkman (KnappHartung; IntHout et al., 2014) methods for random effects models are indicated by the respective diamonds at the bottom. The I 2 is a measure of variation beyond chance among studies included in the meta-analysis. Ammonia concentration was not heterogeneous as indicated by the I 2 of 0.0%. included in this meta-analysis; their data and information are summarized in Table 5 . Hot carcass weight, dressing percentage, mean fat cover, and marbling score were the only carcass traits that were consistently reported between a sufficient number of studies for meta-analysis. The meta-analysis findings are reported in Table 6 . Lasalocid increased HCW by a WMD of 4.73 kg (95% CI 2.97 to 6.50) compared with controls, but no effects on dressing percentage, average fat cover, or marbling score were observed (Table 6) . A forest plot of HCW is provided in Figure 9 , and on dairy cattle in Figure 10 .
Heterogeneities for the carcass traits were the lowest of the 4 meta-analyses on lasalocid included in this paper with heterogeneities of 4.4, 32.7, 0, and 38.0% for HCW, dressing percentage, mean fat cover, and marbling score, respectively (Table 6 ). Duration and dose of lasalocid did not have an effect on heterogeneity of carcass traits (Table 6) .
Dairy Production Measures
A total of 7 studies (11 comparisons) with a mean lasalocid dose of 329 ± 114 mg/d for 96 ± 38 d were included in this meta-analysis; these data and information are summarized in Table 7 . The mean lasalocid dose for cattle contributing data to this meta-analysis was the highest of the 4 meta-analyses in this paper. The meta-analysis findings for milk yield, fat and protein percentage and yield, and DMI are summarized in Table  8 . There was an insufficient number of studies reporting somatic cell count, fat-corrected milk, ADG, or BW for meta-analytical evaluation of effects of lasalocid on these dairy performance measures. Lasalocid decreased DMI by a WMD of -0.89 kg/d (95% CI -1.57 to -0.21) in TMR-fed cattle compared with controls but had no effect on milk yield or milk components (Table 8 ). Milk fat percentage was decreased by a WMD of -0.12% (95% CI -0.27 to 0.02), which was not significant (Table 8) . Table 3 . Summary of studies; number of cattle; feeding system; diet type; duration of lasalocid supplementation (DUR); dose of lasalocid; entry BW; and ADG, DMI, and feed efficiency measures included in the meta-analysis of effects of lasalocid on beef performance Heterogeneity was >40% for all dairy performance measures, with the exception of 0% for milk protein percentage (Table 8 ). Milk protein yield had the highest heterogeneity at 89.0% (Table 8 ). The linear effect of dose rate explained a portion of the heterogeneity of DMI for dairy cows (Table 8) , with a linear decrease in DMI with dose (Fig. 5F ). The DUR did not have an effect on heterogeneity (Table 8) .
DISCUSSION
Lasalocid is an ionophore that is extensively used in the beef industry and, to a lesser extent, in the dairy industry as a rumen modifier and coccidiostat. Reviews on ionophores in cattle and ruminal fermentation are available (Russell and Strobel, 1989; Duffield and Bagg, 2000; Ipharraguerre and Clark, 2003) . Meta-analyses are available on the effects of monensin on beef performance (Duffield et al., 2012a) and dairy performance (Duffield et al., 2008) . This is the first quantitative evaluation of the effect of lasalocid on rumen measures, beef and dairy performance, and carcass traits. This database has adequate statistical power to evaluate the effects of lasalocid on beef performance and carcass traits but interpretations of the dairy performance and rumen measures data should be approached with caution owing to their relatively lower study power. Despite the lower study power, valuable insights and future study direc- (108) tions can be obtained from these data. It is important that these data be presented but that the results are not overinterpreted. Due to the smaller literature base on lasalocid compared with that for monensin, these metaanalyses are not as detailed as those available on similar measures for monensin (Duffield et al., 2008 (Duffield et al., , 2012a , where diet factors and stage of lactation were able to be assessed but demonstrate that overall effects of lasalocid appear to be similar in mechanism to those of monensin. A large portion of the studies included in our database were conducted in the 1980s, so a difference in diet may have occurred since this period, but examination of the forest plots with comparisons ranked by year did not indicate that year influenced the findings. The meta-analysis on rumen fermentation measures from primarily beef cattle, although not having the same magnitude of studies as the beef performance data set, showed findings consistent with the known mechanisms of ionophores, with an increased M% of propionate and decreased M% of acetate and butyrate. This change in VFA profile is metabolically important and leads to an increased energy efficiency as propionate is a substrate for gluconeogenesis that is responsible for glucose production. Increases in propionate are also associated with increased milk protein; however, ionophore feeding can result in a decrease in milk protein, and no effects on milk protein occurred in the meta-analysis on dairy performance measures in this paper. Acetate and butyrate are precursors for long-chain fatty acid synthesis. This predicted increase in energy efficiency as a result in the shift in VFA profile may have contributed to the increased ADG and HCW demonstrated.
The increased concentration of total VFA in lasalocid-supplemented cattle (primarily beef cattle) compared with controls likely reflects changes in bacterial populations and could be beneficial for the host animal. Ionophores have been proposed to be protein sparing (Hanson and Klopfenstein, 1979; Russell and Strobel, 1989) , which contrasts the finding in this meta-analysis where the concentration of ammonia increased in lasalocid-fed cattle. Comparisons used in the data set for ammonia were from only 3 different studies with 8 comparisons, which may account for this finding and indicates that more work is required in this field and interpretation of results should be made with caution. Ellis et al. (2012) conducted a meta-analysis to quantify the change in VFA profile caused by monensin dose in beef cattle fed >80% concentrate and showed that shifts in the M% of acetate, butyrate, and propionate were dose dependent whereas total VFA concentration was not. Our meta-analysis showed that the M% of propionate increased and the M% of acetate decreased when >200 3 Weighted mean difference is an estimate of actual effect for lasalocid in units measured. 4 I 2 is a measure of variation beyond chance among studies included in the meta-analysis.
6 Variables used for meta-regression included dose (linear effect and ≤200 or >200 mg/d), duration of lasalocid supplementation (DUR; linear effect and ≤100 or >100 d), entry BW (linear effect and ≤275 or >275 kg), type of diet, and feeding system were tested as meta-regression variables for the beef performance data set. Significance was defined as P < 0.05.
7 Includes G:F data and the inverse of feed-to-gain ratio data.
8 NA = not applicable.
9 F:G = feed-to-gain ratio.
10 NS = not significant. Figure 6 . Forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence interval (CI) of the effect of lasalocid on ADG in beef cattle. Studies are presented in 4 subgroups based on entry BW and duration of lasalocid feeding in days. Light is defined as ≤275 kg entry BW. Heavy is defined as >275 kg entry BW. The solid vertical line represents a mean difference of 0 or no effect. Points to the left of the line represent a decrease in ADG, and points to the right of the line indicate an increase. Each square around the point effect represents the mean effect size for that study and reflects the relative weighting of the study to the overall effect size estimate. The larger the box, the greater the study contribution to the overall estimate. The weight that each study contributed is in the right-hand column. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986 ) and Knapp-Sidak-Jonkman (Knapp-Hartung; IntHout et al., 2014) methods for random effects models are indicated by the respective diamonds at the bottom. The I 2 is a measure of variation beyond chance among studies included in the meta-analysis. Average daily gain was moderately heterogeneous as indicated by the I 2 of 40.8%. Forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence interval (CI) of the effect of lasalocid on DMI in beef cattle. Studies are presented in 4 subgroups based on entry BW and duration of lasalocid feeding in days. Light is defined as ≤275 kg entry BW. Heavy is defined as >275 kg entry BW. The solid vertical line represents a mean difference of 0 or no effect. Points to the left of the line represent a decrease in DMI, and points to the right of the line indicate an increase. Each square around the point effect represents the mean effect size for that study and reflects the relative weighting of the study to the overall effect size estimate. The larger the box, the greater the study contribution to the overall estimate. The weight that each study contributed is in the right-hand column. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986 ) and Knapp-SidakJonkman (Knapp-Hartung; IntHout et al., 2014) methods for random effects models are indicated by the respective diamonds at the bottom. The I 2 ) is a measure of variation beyond chance among studies included in the meta-analysis. Dry matter intake was moderately heterogeneous as indicated by the I 2 of 53.8%. Figure 8 . Forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence interval (CI) of the effect of lasalocid on feed efficiency in beef cattle. Comparisons are in ascending order of dose of lasalocid. The solid vertical line represents a mean difference of 0 or no effect. Points to the left of the line represent an increase in feed efficiency, and points to the right of the line indicate a decrease. Each square around the point effect represents the mean effect size for that study and reflects the relative weighting of the study to the overall effect size estimate. The larger the box, the greater the study contribution to the overall estimate. The weight that each study contributed is in the right-hand column. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986 ) and Knapp-Sidak-Jonkman (Knapp-Hartung; IntHout et al., 2014) methods for random effects models are indicated by the respective diamonds at the bottom. The I 2 is a measure of variation beyond chance among studies included in the meta-analysis. Feed efficiency was moderately heterogeneous as indicated by the I 2 of 49.8%. 1 TMR = total mixed ration.
2 Different scoring systems were used among the individual studies. 2 Effect size is a standardized z-value to statistically compare lasalocid vs. control differences between studies. Effect size estimates are provided from the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986 ) and Knapp-Sidik-Jonkman (KH; IntHout et al., 2014) methods.
3 Weighted mean difference is an estimate of actual effect for lasalocid in units measured.
4 I 2 is a measure of variation beyond chance among studies included in the meta-analysis.
6 Variables used for meta-regression included dose (linear effect and ≤250 or >250 mg/d) and duration of lasalocid feeding (linear effect and ≤100 or >100 d) were tested as meta-regression variables for the beef performance data set. Significance was defined as P < 0.05.
8 Different scoring systems were used among the individual studies.
9 NA = not applicable.
mg/d of lasalocid was fed and that dose did not influence total VFA, consistent with these findings. However, in contrast, butyrate M% was not influenced. Ellis et al. (2012) produced equations to quantify the change in VFA profile with monensin feeding; however, direct comparisons cannot be made because not all studies included in our meta-analysis have >80% concentrate diets.
The meta-analysis on beef performance within this paper is the most powerful of the 4 meta-analyses performed as it contains a substantial number of large pen studies. Increases in ADG with lasalocid feeding were substantial, with lasalocid-fed cattle gaining an additional 40 g daily and having an improved F:G of 0.41 kg/ kg compared with controls. Interestingly, G:F was not Table 7 . Summary of studies; number of cattle; diet; duration of lasalocid supplementation (DUR); dose of lasalocid; and milk production and composition and DMI measures included in the meta-analysis of effects of lasalocid on dairy production 2 Effect size is a standardized z-value to statistically compare lasalocid vs. control differences between studies. Effect size estimates are provided from the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986 ) and Knapp-Sidik-Jonkman (KH; IntHout et al., 2014) methods.
4 I 2 is a measure of variation beyond chance among studies included in the meta-analysis. 5 Tau 2 is an estimate of between-study variance.
6 Variables used for meta-regression included dose (linear effect and ≤300 or >300 mg/d) and duration of lasalocid feeding (linear effect and ≤100 or >100 d) were tested as meta-regression variables for the beef performance data set. Significance was defined as P < 0.05.
significantly influenced by lasalocid, unlike FE and F:G, which were improved by lasalocid. It is possible that the lower number of comparisons for G:F compared with F:G and FE provided a positive but not significant ES. Monensin lowered DMI by 268 g/d compared with controls (Duffield et al., 2012a) . The influence of entry BW and DUR suggest that the greatest improvements in ADG occur in cattle with entry BW of >275 kg and are fed lasalocid for a maximum of 100 d, which is consistent with the Australian domestic market specifications. The lack of effect for cattle entering at ≤275 kg and fed lasalocid for <100 d suggests there is limited benefit in ADG for supplementing calves with lasalocid, but benefits in coccidiosis prevention in calves have been demonstrated (Quigley et al., 1997) . Use of corn silage in diets influenced ES for DMI and FE when monensin was fed (Duffield et al., 2012a) but was not able to be evaluated in this study. In contrast to monensin, where a linear effect of dose was observed for ADG, DMI, and FE, dose did not affect these beef performance measures.
Hot carcass weight was improved in lasalocid-fed beef cattle compared with controls, which may reflect increased ADG and energy efficiency. There is no cur- Figure 9 . Forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence interval (CI) of the effect of lasalocid on HCW in beef cattle. The solid vertical line represents a mean difference of 0 or no effect. Points to the left of the line represent a decrease in HCW, and points to the right of the line indicate an increase. Each square around the point effect represents the mean effect size for that study and reflects the relative weighting of the study to the overall effect size estimate. The larger the box, the greater the study contribution to the overall estimate. The weight that each study contributed is in the right-hand column. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986 ) and KnappSidak-Jonkman (Knapp-Hartung; IntHout et al., 2014) methods for random effects models are indicated by the respective diamonds at the bottom. The I 2 is a measure of variation beyond chance among studies included in the meta-analysis. Hot carcass weight was not heterogeneous as indicated by the I 2 of 4.4%.
rent meta-analysis on carcass data from monensin-fed cattle, but Goodrich et al. (1984) compared data from 87 trials for HCW, 107 for dressing percentage, and 92 for fat depth and found 0.13, -0.38, and -0.24% changes to controls, respectively. No meta-regression effects explained variation besides a larger decrease in dressing percentage and fat depth when the measured values were high (Goodrich et al., 1984) . The absence of changes to dressing percentage and mean fat cover were expected.
Interpretation of the dairy production measures should be approached with caution due to the limited number of eligible studies and the low study power of these studies. A number of further large studies need to be undertaken to allow adequate assessment of the effects of lasalocid on dairy production measures. Overall, there was no effect of lasalocid on milk yield. The study by Johnson et al. (1988) had a large negative point effect for milk yield but had only a small weighting. The positive point effects observed for one or more comparisons from Weiss and Amiet (1990) , Christensen et al. (1994) , Erasmus et al. (1999) , and Walker et al. (1996) and the study by McDougall et al. (2004) , which involved 1,020 cows, suggest that lasalocid may increase milk yield if larger studies were undertaken. In comparison, monensin increased milk yield by 0.7 kg and improved milk production efficiency by 2.5% in a meta-analysis that examined data from 9,677 cows (Duffield et al., 2008) . Although dose explained a proportion of the heterogeneity of DMI, there were only 7 comparisons in this data set and 536 mg/d of lasalocid was fed by Johnson et al. (1988) .
The observed decrease in milk fat percentage was not significant. Milk protein percentage was decreased by 0.03% by monensin (Duffield et al., 2008) but was not affected in this lasalocid meta-analysis, which was heavily weighted by the McDougall et al. (2004) study (79.6%). Milk fat and protein yield had too few studies to appropriately assess in this current study. The decrease in DMI is consistent with effects observed for monensin, which decreased DMI by 0.3 kg and could have benefits for cost of production. Estimates of DMI for pasture-based cattle were not available but may produce a different response. There were too few data points to appropriately examine milk efficiency.
We recognize that meta-analysis can have some limitations, particularly if studies used are not randomized and controlled and acknowledge there is a clustering effect that results from multiple comparisons with a single control group, but we have determined that the variance inflation effect will be minor unless there are very large numbers of repeated comparisons. A well-conducted meta-analysis provides results that are more robust than any single study contributing to the meta-analysis.
Conclusion
This work provided information on the effects of lasalocid on rumen measures, beef and dairy performance, and carcass traits. Findings demonstrated that lasalocid appears to produce effects based on mechanisms similar to monensin. Lasalocid increased the M% of propionate, decreased the M% of acetate and butyrate, increased ADG and HCW, and improved FE and F:G in beef cattle. The DMI was decreased in TMR-fed dairy cattle supplemented with lasalocid, but milk yield, milk components, and milk component yields were not affected. It should be noted that study numbers limited evaluation of the effects on dairy performance and rumen measures. These results allow producers, nutritionists, and veterinarians to make informed decisions on the inclusion of lasalocid in cattle diets. Andersen, M. A., and G. W. Horn. 1987 . Effect of lasalocid on weight gains, ruminal fermentation and forage intake of stocker cattle grazing winter-wheat pasture. J. Anim. Sci. 65:865-871. Figure 10 . Forest plot of the effect size or standardized mean difference (SMD; standardized using the z-statistic) and 95% confidence interval (CI) of the effect of lasalocid on milk yield in dairy cattle. The solid vertical line represents a mean difference of 0 or no effect. Points to the left of the line represent a decrease in milk yield, and points to the right of the line indicate an increase. Each square around the point effect represents the mean effect size for that study and reflects the relative weighting of the study to the overall effect size estimate. The larger the box, the greater the study contribution to the overall estimate. The weight that each study contributed is in the right-hand column. The upper and lower limit of the line connected to the square represents the upper and lower 95% CI for the effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian and Laird (D+L; DerSimonian and Laird, 1986 ) and Knapp-Sidak-Jonkman (Knapp-Hartung; IntHout et al., 2014) methods for random effects models are indicated by the respective diamonds at the bottom. The I 2 is a measure of variation beyond chance among studies included in the meta-analysis. Milk yield was moderately heterogeneous as indicated by the I 2 of 55.5%.
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